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ABSTRACT 

Scaling relations between black hole (BH) masses and their host galaxy properties have been studied ex¬ 
tensively over the last two decades, and point towards co-evolution of central massive BHs and their hosts. 
However, these relations remain poorly constrained for BH masses below ^ 10® Mq. Here we present optical 
and X-ray observations of the dwarf galaxy RGG 118 taken with the Magellan Echellette Spectrograph on the 
6.5m Clay Telescope and Chandra X-ray Observatory. Based on Sloan Digital Sky Survey spectroscopy, RGG 
118 was identified as possessing narrow emission line ratios indicative of photoionization partly due to an active 
galactic nucleus. Our higher resolution spectroscopy clearly reveals broad Ha emission in the spectmm of RGG 
118. Using virial BH mass estimate techniques, we calculate a BH mass of ~ 50, 000 Mq. We detect a nuclear 
X-ray point source in RGG 118, suggesting a total accretion powered luminosity of L = 4 x 10"^® erg s“^, and 
an Eddington fraction of ~ 1 per cent. The BH in RGG 118 is the smallest ever reported in a galaxy nucleus 
and we find that it lies on the extrapolation of the Mbh — cr* relation to the lowest masses yet. 


1. INTRODUCTION 

It is now established that most, if not all, massive galax¬ 
ies (e.g. M* > 10^® Mq) host massive black holes (BHs) at 
their centers. Moreover, the BH masses correlate with prop¬ 
erties of the host galaxy, such as bulge stellar velocity dis¬ 
persion, bulge luminosity, and bulge mass, pointing towards 


co-evolution of galaxies and their BHs ([Eerrarese & Merritt 

2000 

Gebhardt et al.|2000 

[Marconi & Hunt|20031[Gultekin 

et al. 

2009 1 Kormendy & 1 

o|2013[[McConnell & Ma|2013[l. 


low BH/galaxy masses (Mbh 10® Mq). It is presently un¬ 
known what fraction of low-mass galaxies (M* < lO'^® Mq) 
contain BHs, and BH mass measurements in this regime are 
relatively scarce. 

The low-mass end of scaling relations is of particular im¬ 
portance f or constraining models of hig h-redshift BH seed 
formation. |Volonteri & Natarajan| ( |2009| l found that for BH 
masses < 10® Mq, the slope and scatter of Mbh ~ cr* vary 
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depending on whether BH seeds were massive (^ 10 
e.g. from direct collapse) or smaller Population III remnants 
(~ 100 Mq). Additionally, the fraction of low-mass galaxies 
hosting BHs is itself important for models of BH seed forma¬ 
tion (e.g. IVolonteri et al.|2008[ [Miller et al.|2015| l. 

BH mass measurements for dwarf galaxies rernain difficult 
to achieve and are often highly uncertain. Dynamical mass 
measurements for low-mass BHs are limited by the resolving 
power of our telescopes; even with the Hubble Space Tele¬ 
scope, we can only resolve the sphere of influence of BHs 
with Mbh ~ 10® Mq for the Local Group. Active galactic 
nuclei (AGN) offer an opportunity to measure BH masses in 
systems beyond the Local Group; for AGN in dwarf galax¬ 
ies, we can esti mate masses based on broad emis sion lines 
if present (e.g. [Greene & Ho||2005| Reines et al. 


from the fundamental plane of BH activity (Merloni et al. 


|2003||Reines et al.|201 l||2014| l. These methods rely on cor 
relations between various observables and BH mass, and thus 
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carry larger uncertainties. 

In the last few years, the number of known dwarf galaxy- 
AGN systems has moved beyond a few key examples such 
as NG C 4395 ( jEilippenko & Ho|20031l, POX 52 ([Barth et al. 
2004[ l, and Henize 2-10 ( [Reines et al.|201 1[ [Reines & Deller 
2012| l to increasingly larger samples. The first systematic 
search es for low-mass BHs were done by jGreene & Ho| ( 2004[ 
2007[ l, which searched the Sloan Digital Sky Survey (SDSS) 
for galaxies with broad Ha emission indicating AGN with 
masses below 2 x 10®M©. Though these surveys identified 
200 such BHs, the host g alaxies had stellar m asses larger 
than ty pical dwarf galaxies (Greene et al. 2008| l. More re¬ 
cently, [Reines et al. ( [2013| l increased the number of known 
AGN in dwarf galaxies by an order of magnitude by search¬ 
ing for narrow and broad emission line AGN signatures in a 
sample of nearby (z < 0.0 55) dwarf galaxies ( M^, < 3 x 10® 
Mq) in the SDSS (see also[Moran et al.|2014|l. 

Here we present optical spectroscopic and X-ray observa¬ 
tions of SDSS J1523H-1145 (object 118 in lReines et al.|2013[ 
hereafter referred to as RGG 118), a dwarf disk galaxy with a 
stellar mass of ~ 2.5 x 10® M© at a redshift of z = 0.0243. 
Eirst identified as having narrow line ratios indicative of AGN 
activity based on SDSS spectroscopy, our new higher resolu¬ 
tion spectroscopy reveals broad Ha emission indicative of a 
- 50, 000 Mq BH. 

2. OBSERVATIONS AND DATA ANALYSIS 
2.1. Spectroscopy 
2.1.1. SDSS 


[Reines et al. ( [2013) 1 used the SDSS and NASA-Sloan Atlas 
to search for dwarf galaxies with optical spectroscopic sig¬ 
natures of accretion onto a massive BH. They modeled the 
spectra of ^^25,000 nearby (z < 0.055) dwarf (M* < 3 x 10® 
Mq) galaxies, and measured emission line fluxes. Using the 
narrow-line [OIII]/H /3 versus [NII]/Ha diagnostic diagram 
( [Kewley et al.|200^ , they identified 136 galaxies with emis- 
sion line ratios consistent with (at least some) photoioniza¬ 
tion from an accreting BH. RGG 118 fell into the “compos¬ 
ite” region of the [OIII]/H/l versus [NII]/Ha diagram, indi¬ 
cating photoionization from both an accreting BH and stel¬ 
lar processes (Eigure[^. The SDSS spectrum of RGG 118 

































































2 
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Fig . 1.— Diagnostic diagrams which characterize the photoionizing continuum in RGG 118 ^Baldwin et al.|1981||Veilleux & Osterbrock|1987||Kewley et al.| 
|2006). All diagrams plot log(fOIIIl/H/5) on the y-axis. On the x-axis, ratios of [NII1A6583, |yii|Ab71t), 0731, and |Ul|At)dUU to Hq are shown from left 
to right. Blue diamonds represent values from SDSS data (Reines et al. 2013) while red circles represent MagE data. All three diagrams indicate that the 
photoionization in RGG 118 is at least partly due to an AGN. 


(14 May 2007) shows evidence for broad Ha emission (see 
top right of Figure [^, but it was not identified by Reines et 
al. (2013) because itfalls below their broad Ha detection limit 
of ^ 2 X 10^® erg s ^ (at their sample median redshift of 
z-0.03). 

2.1.2. MagE 

Spectra of RGG 118 were taken on 18 April 2013 with the 
6.5m Magellan II telescope at Las Campanas Obser vatory, us¬ 
ing the M agellan Echellette Spectrograph (MagE; |Marshall 
et al. 20081. MagE is a moderate resolution (A/AA = 4100) 
echelle spectrograph, with wavelength coverage extending 
from 3000 to lOOOOA over 15 orders. Using the arc lamp ex¬ 
posures, we measure an instrumental dispersion (Tinstrument = 
28 km ± 5 km s“^. Two 1200-second exposures of RGG 
118 were taken using a 1" slit. Elat fielding, sky subtraction, 
extraction, and wavelength calibration were carried out using 
the mage_reduce IDE pipeline written by George Becker. We 
used a boxcar extraction with an extraction width of 1", in or¬ 
der to obtain the nuclear spectrum and reduce contamination 
from starlight. 

We analyzed the spectrum of RGG 118 using custom emis¬ 
sion line fitting software develo ped in Python and b roadly fol¬ 
lowing the procedure laid out in|Reines et al.|(|2013|l. Our soft¬ 
ware uses non-linear least squares minimization to fit Gaus¬ 
sian profiles to relevant emission lines. 

Eitting the Ha-[Nil] complex is of particular importance 
because the luminosity and E WHM of broad Ha em ission can 
be used to estimate BH mass ( [Greene & Ho|2003 1 . The gen¬ 
eral procedure is to obtain a model for an intrinsically narrow 
line, then use that model to fit Ha A6563, [Nil] A6548, and 
[Nil] A6583 simultaneously. We then add an additional com¬ 
ponent to model any broad excess and include this component 
in our model if its inclusion improves the reduced by at 
least 20%. We then measure line widths and fluxes for the 
[Nil] lines, and narrow and broad Ha. 

We did not detect stellar absorption lines in the RGG 118 
spectrum, so we model the continuum in each order as a line 
and subtract it before modeling the emission lines. We use 
three different methods to model the narrow line emission and 
find that an additional broad component for Ha is required in 
all three cases. We first use a single Gaussian narrow line 
model based on the profiles of the [SII] AA6713,6731 dou¬ 
blet (Model A). Next, we use a narrow line model based on 


the profile of [GUI] A5007, which is also a forbidden tran¬ 
sition. [OIII] A5007 is significant ly brighter than [SII], and 
can reveal the presence of wings ( jMullaney et al. [2013 Za- 
jkamska & Greene]|20141 l. Indeed, we modeled [olll] A5007 
in two different ways and found both required a narrow core 
and wing component. Eirst, we use the [SII] profile to model 
the core of the [OIII] line and find a wing component with 
EWHM~ 330kms-i (Model B). In the second [OIII] model 
we fit the core with no constraints from [SII]; this yields a 
wing of EWHM ^ 192kms“^ (Model C). Einally, we use 
each best fitting [OIII] profile as a model for the narrow line 
emission in the Ha-[NII] complex. See TableHfor broad Ha 
EWHM and luminosities corresponding to each narrow line 
model. 


TABLE 1 


Model 

Lhc (erg 

FWHMhq (kms-l) 

BHmass(104 Mg) 

A 

4 X 10^* 

543 

2.7 

B 

3 X 103« 

855 

6.2 

C 

3.5 X 10^® 

790 

5.4 


Notes. Broad Ho luminosities and FWHM for narrow line models A, B, and 


C. Also given are the corresponding BH masses for each model. 

We also model the [Oil] A3727, H/3, [OIII] A4959 and [OI] 
A6300 lines and place RGG 118 on narrow line diagnostic 
diagrams (Eigure [T]|, and find the MagE narrow line ratios to 
be consistent with mose found in the SDSS spectrum. A broad 
component was not found to be statistically justified for the 
H/3 emission line of RGG 118 (to be expected given the low 
luminosity of broad Ha and the typical Ha/H/3 intensity ratio 
of ~3). We allow up to two Gaussians for the oxygen lines, 
which sometimes can exhibit broadening from the narrow line 
region. Eigure 1^ shows the fitted MagE spectrum, as well as 
a close-up of theHa-[NII] complex for Model C. 

2.2. Chandra X-ray Observatory 

Chandra observed the field of RGG 118 with the Advanced 
CCD Imaging Spectrometer (ACIS) detector on 2014-12-26 
UT 18:09:21, for a total of 19.8 ksec, with the target galaxy 
placed on the back-illuminated S3 chip of ACIS-S. Data were 
telemetered in very-faint mode and analysed with the Chan¬ 
dra Interactive Analysis of Observations software package 
(CIAO, version 4.6). Eirst, we improved the Chandra astrom¬ 
etry by cross-matching the detected X-ray point sources on 
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Fig. 2.— In all panels, the black line is the observed spectrum, the red dashed line is the best-fit total profile, and the gray line is the residual between the 
observed spectrum and best fit, offset by an arbitrary amount.Tbp: MagE (left) and SDSS (right) spectra showing the Ha-[NII] complex. The yellow and teal 
solid lines represent the best-fit naiTow and broad components, respectively. The narrow line model used for the MagE fit shown here is based on the [OIII] line 
(Model C; see text). The SDSS best-fit parameters yield a BH mass of 91, 000 Mq. The MagE Ha FWHM and luminosity imply a BH mass of 50, 000 
Mq . Bottom: Regions of the MagE spectrum of RGG 118 showing the emission lines most relevant to our analysis. 


the S3 chip to the SDSS catalog (the initial X-ray source list 
was derived by running CIAO WAVDETECT on the pipeline 
event file, with the exclusion of a 2" circular aperture cen¬ 
tered on the nominal position of RGG 118). This resulted 
in 4 matches to an SDSS optical counterpart with r-band 
magnitude brighter than 23 mag, yielding a final astrometric 
correction of ~0".7. Next, we reprocessed the data to gen¬ 
erate a new event list, and searched for time intervals with 
anomalously high background rates (none were found). Eur- 
ther analysis was restricted to the energy interval 0.5-7 keV, 
where ACIS is best calibrated. 

A point-like X-ray source was detected at a position con¬ 
sistent with the SDSS position of RGG 118 (inset of Eig- 
urel^ the X-ray source coordinates are R.A.: 15:23:05.0, Dec: 
-^11:45:53.18; SDSS coordinates are R.A.: 15:23:04.97, Dec: 
-1-11:45:53.6). Eor the aperture photometry, we made use of 
CIAO SCRELUX, which adopts a Bayesian formalism to esti¬ 
mate the source net count rate and corresponding flux. Source 
parameters were extracted from a 2" radius circular region 
centered at the source peak, while a (source-free) annulus of 
inner and outer radius of 20 and 35" was chosen for the back¬ 
ground. The low number of X-ray counts did not allow for 
a proper spectral modeling. Assuming that the source spec¬ 
trum is well represented by an absorbed power-law model 
with photon index T = 1.7 (typical of actively accreting 
black holes) and equivalent hydrogen column A^h = 3 x 102O 
cm“^, the measured net count rate (1.96±0.6 xlO“"*^ counts 
sec“^ between 0.5-7 keV) corresponds to an unabsorbed flux 
Ex = 3.4 X 10“^® erg s“^ cm“^ over the energy inter¬ 
val 2-10 keV (90% confidence intervals give a range from 
9.1 X 10“^® erg s“^ cm“^ to 8.1 x 10“^® erg s“^ cm“^). 
Eor a distance of 100 Mpc, this gives a hard X-ray luminosity 
of E2-10 keV = 4 X 10^®erg s“^ (90% confidence intervals 
give a range from 1.1 x 10®®erg s“^ to 9.6 x 10®®erg s“®). 


2.3. SDSS Imaging 

Eive band ugriz imaging was taken for the field containing 
RGG 118 on 12 May 2005 (Eigurej^. In order to analyze the 
morphology of the host galaxy, we carried out a 2-D ima ge de- 
composition of the SDSS r-band image using GALEIT (|Peng| 
et al.|2002 2010| l. Using a two-tailed E test, we compi'ed a 
single Sersic model to a Sersic plu s exponential disk m odel 
and find that the latter is preferred ( jSimard et al.||20lT] l (the 
reduced for single Sersic model is 9.4, and the reduced 
for the Sersic plus exponential disk model is 7.2). We measure 
a bulge ellipticity of 0.63. Eigure shows the best-fit surface 
brightness profile model. 

We use the integrated g and r band magnitudes of each 
component to determine the r-band mass-to-light ratio ( |Bell| 
|et al.|200^ , and calculate stellar masses of the inner and outer 
(exponential disk) components. Magnitudes were corrected 
for reddening using galactic dust exti nction maps which in- 
dicate E(B-V) = 0.032 for RGG 118 (|Schlafly & Einkbeiner 
201 l| l. Eor the inner Sersic component (consistent with a 
pseudobulge, as discussed in Section 3), we measure g — r = 
0.49 ± 0.19, which gives logiQ(M/L)r = 0.23 and M*_inner 
= 1O® ®®^® ®M0. Eor the exponential disk component we mea¬ 
sure g — r = 0.41 ± 0.07, which yields log]^g(M/L)j. = 0.15 
and M* disk = 1O® ®®^® ®M0. Combined, the masses of the 
bulge and disk are consistent with the NASA-Sloan Atlas total 
stellar mass of M* = 1O® ®M0. We also obtain a bulge-to-disk 
mass ratio of ~ 0.3. 


3. BLACK HOLE MASS AND SCALING RELATIONS 

Strong evidence for BH accretion in RGG 118 comes from 
narrow emission line ratios (Eigure [T]), broad Ha emission, 
and a nuclear X-ray point source (see Section 2.2). Assum¬ 
ing the broad emission is indeed the signature of gas rotat- 
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Fig. 3. — Left'- Smoothed SDSS gri image of RGG 118 (filters colored blue, green, and red, respectively). Inset: Chandra ACIS-S image of the field of view 
of RGG 118. An X-ray source is clearly detected at a position consistent with the nominal SDSS position (indicated by a green circle with a radius of 2”). 
The image has been smoothed with Gaussian kernel of cr = 3 pixels. Right', r band surface brightness versus radius for RGG 118. Surface brightness profile 
measurements from IRAF’s ELLIPSE package are shown as gray dots. The dark and light blue shading represents the Icr and 3cr uncertainties, respectively, due 
to the sky background. The solid black lines plot the r-band PSF The solid red line shows the best-fit Sersic-Hexponential disk profile as determined by GALFIT 
(dashed red lines are individual components). 



ing around a nuclear BH, we can estimate the BH mass using 
standard virial techniques which assume the gas in the b road 
line region surrounding the BH is in virial equilibrium (IPe- 
terson et al.|2004t Bentz et al.|2010 i. The virial relationship 
gives Mqh (X WblrAI/^/G', where i?BLR is the radius of 
the broad line emitting region, and AV is a characteristic ve¬ 
locity of gas in the b road line region. We use the Ha emission 
line to esti mate AV (Greene & Ho 2005 i, and Thq as a proxy 
for j^BLR (|Kaspi et al.|200tJ| ' Peterson et al.|2004 Greene & 

Bentz et al.||2009l 


Ho||2005| Bentz et al.||2009[ 20131. The hnal equation used 

to estimate w mass IS given in |Reines et ar] ( |2013] l; we also 
adopt a scale factor of e = 1. 

Each of the empirical relations used for this BH estimation 
technique has an associated scatter which contributes towards 
an uncertainty in the BH mass. Ad ditionally, the scatt er in 
the Mbh — relation (> 0.3 dex; Shen & Liu||2012 i also 
contributes to the total uncertainty, since the dimensionless 
scale factor e is determined by calibrating the ensemble of 
reverberation-mapped AGN against the local Mbh ~ rela¬ 
tion for non-active galaxies. Summing in quadrature gives a 
total uncertainty of 0.42 dex (a factor of ~ 2.7). 

For our three different narrow line modeling techniques (see 
Section 2.1.2), we obtain BH mass estimates ranging from 
2.7 X 10"*^ — 6.2x 10^ Mq (Table and thus adopt a nominal 
BH mass of ~ 5 x 10 "^Mq. This is the smallest mass reported 
for a BH in a galaxy nucleus. Ad ditionally, assuming a X- 
ray to bolometric correction of 10 ( [Marconi et al.|20^ , we 
calculate a total accretion-powered luminosity L = 4 X 10^° 


erg s“^ for the black hole in RGG118. This corresponds to 
an Eddington ratio of ^ 1 per cent, similar to AGN in more 
massive systems. 

While the broad Ha emission in typical AGN (i.e. FWHM 
> thousands of km s“^) is due to gas dominated by the grav¬ 
ity of a BH, some dwarf AGN have broad Ha line widths 
consistent with broadening from stellar processes. Thus, we 
have also considered the following alternate explanations for 
the broad Ha in RGG 118. 


(i) Supemovae: The broad Balmer emission and luminosi¬ 
ties of Type II supernovae can often cause their spectra to 


resemble those of AGN (|Filippenko| 1 989|l . However, a 
supernova is a transient event; the marginal detection of 
broad Ha seen in the SDSS spectrum taken 6 years prior 
to the MagE spectrum makes this an unlikely source of 
the broad Ha. 


(ii) Wolf-Rayet stars; Outflows from Wolf-Rayet stars can 
produce broad spectral features. However, the spectra of 
galaxies with Wolf-Rayet stars typi cally feature a char - 
acteristic “bump” at A4650 - 4690 ([Guseva et al.|2000|); 
we do not observe this feature in either the SDSS or 
MagE spectra of RGG 118. 


(iii) Luminous blue variables: Outbursts from luminous blue 
variables can produce broad H a emission, but the y are 
fainter than Type II supernovae ([Smith et al.|2011[). Ad¬ 
ditionally, this phenomenon is transient and so is also 
ruled out by the persistent broad Ha emission of RGG 
118. 


We do not consider the above to be likely explanations for 
the detected broad Ha emission. Additional spectroscopic ob¬ 
servations can further rule out the possibility of a stellar origin 
for the broad Ha emission. 

We also hnd that RGG 118 falls on the extrapolation of the 
Mbh ~ cr* relation to low BH masses, but falls an order of 
magnitude below the Mnn-Mbuige relation (Figure ffl. We 
did not detect stellar absorption lines in the spectra ot RGG 
118, so instead use the gas velocity dispersion as a proxy for 
stellar velocity dispersion; the two have been shown t o cor- 
relate, though the scatter in the relation is ~ 0.15 dex ([Barth 
et al.[200^ Xiao et al. 20111. Using the [Nil] line, we measure 


a gas velocity dispersion of cr[ nii] = 27kms ^ ± 5kms 
after correcting for instrumental dispersion. This yields a stel¬ 
lar velocity dispersion estimate of cr* = 27li[Qkms“^, after 
adding uncertainties in quadrature. 

We compute a bulge mass of for RGG 118; 

this gives a Mnn-Mbuige ratio of ^8x10 ® and places RGG 
118 roughly an order of magnitude below the Mnn-Mbuige 
relation (Figure]^. This is typical of galaxies with pseudob- 
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Fig. 4.— Both: Bla ck solid/dashed lines re present vaiious determinations of scaling relations. Circles and squares represent systems having dynamically 
measured BH masses (|Kormendy & Ho|2013f with classical and pseudobulges, respectively. Left: Mbh ~ relation. RGG 118 is plotted as the pink stai*. 
Error bars on the mass account tor the scatter in the correlations used to determine the BH mass; velocity dispersion errors include scatter in the r elation between 

^ show the well-studied dwarf AGN POX 52 jB^h et al.|2Q0^|Thornton et al. 2008^ and NGC 4395 


Filippenko & Ho 


Filippenko & Ho 


Miippenjco 6L rto 
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ulges ( |Hu 12008) , which are more disk-like, flat, and rotation- galaxies with pseudobulges. The BHs in these systems tended 


younger stellar populations (Kormendy & Ho|2013 

1 . We find mass than those found in classical bulges. Kormendy & Ho 

the Sersic index of the inner component to be n=l.i 

3 ± 0.26, (201311 argue that BHs in non-active galaxies with pseudob- 


which is consistent with a pseudobulge (|Kormendy & Kenni- 
cutt|2004 1. The high ellipticity of the bulge (e = 0.63) is also 


in accord with expectations for pseudobulges. 

4. DISCUSSION 

Dwarf galaxies currently offer the best opportunity to un¬ 
derstand BH seed formation and growth in the early universe. 
By itself, the BH in RGG 118 indicates that formation path¬ 
ways must exist that produce BH seeds of its mass or less. 
Additionally, both the fraction of dwarf galaxies containing 
BHs and the slope/scatter of the low-mass end of Mb h ~ o'* 
depend on the mechanism by wh ich BH seeds form ( |Volon-| 
teri et al.|2008[ Miller et al.|2015| l. While searching for AGN 
in dwarf galaxies can produce only a lower limit on the BH 
occupation fraction for dwarf galaxies, it contributes toward 
constraining the low-mass end of Mbh — cr*. In particular, 
if BH seeds are generally massive (i.e. > 10® Mq) the slope 
of Mbh ~ O'* is expected to fl atten and the scatter to increase 
( Volonteri & Natarajan|2009 l. We are in the process of mea¬ 
suring W masses and velocity dispersions for additional tar¬ 
gets identified by Reines et al. (2013). 

SDSS imaging reveals evidence for a pseudobulge in RGG 
118. Pseudobulges do not seem to correlate with BH mass in 
the same way that classical bulges do. For a sarn ple of BHs 


Greene et al. 


with Mbh < 2 x 10® Mq, 
most of the host galaxies were either compact systems or disk 


(20081 found that 


fall below both the Mbh — Mbuige and Mbh — ct* relations. 
However, they note that low-mass AGNs, which probe down 
to BH masses of ^ 10® Mq and cr* values of ~ 30kms“®, 
do seem to sit on the extrapolation of Mbh ~ cr* while 
simultaneously falling below Mbh ~ Mbuige- This behavior 
is also seen for RGG 118. However, further work is needed to 
understand the nuclear structure of RGG 118. At a distance 
of ~ 100 Mpc, the spatial resolution of the SDSS imaging 
0.4") can only resolve structures with sizes of several 
hundred parsecs. Higher resolution imaging is needed to 
detect nuclear features such as disks and bars, which can bias 
estimates of bulge Sersic index and mass and serve as strong 
indicators of a pseudobulge. 
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